Purified preparations of isolate C of andean potato mottle virus (APMV) contained isometric particles c. 28 nm in diam. with sedimentation coefficients (s~0,~) of about 53, and 93 and I I2S. The two nucleoprotein components, middle (M) and bottom (B), were serologically indistinguishable, and each contained similar relative amounts of two polypeptide species, of mol. wt. 22 ~oo and 4I 800. M particles had a density in CsC1 of 1.4I g/ml, contained a single RNA species of mol. wt. I'4 × Io 6 and stained differently from B particles with uranyl formate; B particles had a density of 1-46 g/ml and contained a single RNA species of mol. wt. 2-o × io ~. Preparations of M and B particles were much less infective when inoculated separately than in mixtures. In these properties APMV resembles other comoviruses. The present cryptogram of APMV is R/I:I'4/(27)+ a.o/ (34): S/S: S/*, comovirus group.
INTRODUCTION
Andean potato mottle (APMV) is a virus recently described from South America. It has isometric particles about 28 nm in diam., infects several solanaceous species and is serologically distantly related to cowpea mosaic, bean pod mottle and quail pea mosaic viruses (Fribourg et al. I977) . In this paper we describe the separation and properties of the two kinds of nucleoprotein particle found in purified virus preparations, and the characteristics of two distinct strains of the virus. The results confirm that APMV should be assigned to the comovirus group.
METHODS
Isolates. Two isolates of APMV were studied. Isolate C was originally obtained from a plant of potato cv. Renacimiento growing at Anta, Cuzco, Peru and showing mosaic and yellow spotting around the edges of the lower leaves. It was transmitted to Nieotiana clevelandii by inoculation with sap and later freed from contamination with potato virus X by passage through potato cv. Cara. Isolate H was obtained from a potato plant (cultivar unknown) growing at Huancayo, Peru and also showing yellow spotting on the lower leaves. It was transmitted to Datura stramonium by inoculation with sap and later passaged through potato cv. Cara. These viruses were imported under licence from the Department Virus purification. Isolate C was purified from systemically infected leaves of Nicotiana clevelandii, as follows. Leaf tissue was triturated with 0.o6 M-phosphate buffer (pH 7.0, o'25 ml/g leaf) containing o.I% thioglycollic acid, and chloroform (I ml/g leaf). After standing for 3o min at 20 °C and centrifuging for 2o min at 1oo0o g, the supernatant fluid was removed. Polyethylene gIycol 6o0o was added to 6% and sodium chloride to o-3 M, the mixture stirred for I h at 4 °C, centrifuged for Io rain at IOOOOg, and the sediment resuspended in o.o6 M-phosphate buffer, pH 7"0. After one cycle of differential centrifugation (1 h at 64ooo rev/min, Io min at 8ooo rev/min) and one cycle of sedimentation in Io to 4o% sucrose density gradients containing o'o67 M-phosphate, pH 7.o (I"5 h at 26ooo rev/min using a Beckman SW 27 rotor), the virus-containing zones were collected, pooled and the virus concentrated by ultracentrifugation. Yields were up to 4 mg virus/too g leaf, assuming ~1;° 1O/ oo~ at 26o nm is 7"o.
Separation of nucleoprotein components. Virus preparations produced two major u.v.-absorbing zones on density-gradient centrifugation in the conditions described above or at 4 o ooo rev/min for I h using a Beckman SW 50. I rotor. To separate the components, the zones were collected separately, the virus sedimented by centrifugation at 5000o rev/min for I"5 h, and the samples further purified by two additional cycles of density-gradient centrifugation.
Extraction and gel electroph6resis of nucleic acid. Nucleic acid was extracted from purified virus particles using the double phase phenol method (Diener & Schneider, I966) . Electrophoresis was at 6o °C in 2.o% polyacrylamide gels using 8 M-urea (Reijnders et al. I973) . Escherichia coli ribosomal RNA (o'56 and I.r x io ~) and tobacco mosaic virus RNA (2.o x io 6) were used as mol. wt. markers. After electrophoresis, gels were stained with 0.o2% toluidine blue in 4o% methoxyethanol, destained in 7"5% acetic acid and the bands measured using a ruler and/or u.v. scanner (Joyce Loebl).
Gel electrophoresis of virus polypeptides. Polypeptides were prepared from purified virus particles and electrophoresed in gels containing Io% acrylamide, 0-25% methylene bisacrylamide and SDS as described by Mayo et al. (I974) , using Perspex tubes of I5 x 0"5 cm. Similarly treated bovine serum albumin (mol. wt. 67ooo), ovalbumin (45ooo) and carbonic anhydrase (29ooo) were used as standards and were run in the same tubes as the virus polypeptides, and in separate tubes. After electrophoresis, the polypeptide bands were stained with Coomassie brilliant blue in methanol:water: acetic acid (5:5:I, v/v/v), and the distances migrated were measured.
Analytical centrifugation. Moving boundary sedimentation of unfractionated virus was at about 20 °C, using a range of virus concentrations. Sedimentation coefficients were calculated by the graphical method of Markham (196o) . Equilibrium sedimentation in CsC1 was for 16 to I8 h at 44 ooo rev/min in a Beckman AnD rotor at ~ 5 °C. Densities of components were estimated as described by Chervenka (1969) .
Serology. Antiserum to APMV was produced by injecting a rabbit intravenously with I'5 mg purified virus followed Io and I2 weeks later by intramuscular injections of I"5 and 4 mg virus respectively in Freund's complete adjuvant. Antiserum (titre I/2o48 to I/4O96) was collected 2 to 4 weeks after the final injection. Double-diffusion serological tests were made in I% Ionagar containing 0.o6 M phosphate buffer, pH 7.o, and 0"85% NaCI. Antigen and antiserum samples were diluted with phosphate-buffered saline. 
RESULTS

Components of purified virus preparations
Moving-boundary sedimentation using Schlieren optics resolved three components (T, M and B) in purified preparations of isolate C (Fig. I) , with sedimentation coefficients (s~0,w) of about 53, and 93 and II2 S respectively. Preparations invariably contained more M than B component. The small amount of T component may be more a reflection of the purification method used than the relative number of T particles in the plants. Electron micrographs of virus preparations stained with 2~o phosphotungstate at pH 7 revealed many isometric particles about 28 nm in diam. (Fribourg et al. I977) with somewhat hexagonal outlines; a few were penetrated by the stain.
Separation and properties of M and B components
Although M and B components do not differ greatly in sedimentation coefficient they were largely separated by three cycles of density-gradient centrifugation (Fig. 2) . When suspended in o-I M-ammonium acetate and stained for electron microscopy with uranyl formate/sodium hydroxide (Barnett & Murant, I97o) almost all M particles were partially penetrated by the stain whereas B particles were not penetrated (Fig. 3) . Both kinds of particles had a hexagonal outline and M particles seemed to have a partially empty centre surrounded by a rather thick wall.
Polyacrylamide gel electrophoresis of polypeptides from unfractionated virus preparations yielded two species with estimated mol. wt. of 22 Ioo _ _ . 200 and 418o0 + 9oo (7 experiments), close to the values of 2o8o0 and 4o ioo estimated for the type strain of APMV by Fribourg et al. (I977) . To decrease the possibility that these proteins were derived from a mixture of two different viruses, isolate C was passed twice through N. clevelandii plants at limiting dilution, and this culture was used for the subsequent analyses of polypeptides and nucleic acid species. M and B particles each contained the two polypeptide species, and the intensity of staining of the two bands suggested that there was slightly less than one mole of the larger polypeptide per mole of the smaller one in each type of particle (Fig. 4) -However, further work would be needed to establish whether or not the polypeptides occur in equimolar concentration. Serological tests provided additional evidence that the surface protein of M and B particles is essentially similar. In gel-diffusion tests the single lines of precipitate produced respectively by M particles, B particles and unfractionated virus fused without producing any spur.
Equilibrium centrifugation in CsC1 of unfractionated virus preparations resolved two components with densities of I-4io and 1.464 g/ml. As was also found with raspberry ringspot virus (Murant et al. I972), the denser component was somewhat aggregated, as judged from the shape of the Schlieren pattern. Preparations of M particles or of B particles contained only one density component (Fig. 5) -When sedimented at a lower concentration than that of the unfractionated preparation, the B particles were not obviously aggregated, and apparently were of uniform density, unlike the B particles of raspberry ringspot virus (Mayo et al. Unfractionated virus preparations yielded two nucleic acid species, which survived pretreatment at 37 °C for 30 min in o.I M-tris-HC1, p H 8.2, but not pre-treatment in buffer containing I #g/ml pancreatic RNase, previously boiled for 2 min to inactivate any contaminating DNase. They therefore contain single-stranded R N A . M particles contained only the smaller R N A species, of mol. wt. ~-43 -+ o.o2 x Io 6 estimated by polyacrylamide gel electrophoresis, whereas B particles contained only the larger species, mol. wt. 2-00 + o.oI x io 6 (3 experiments).
Preparations of M or B particles had much less infectivity when inoculated separately than in mixtures (Table I ). The slight infectivity of the unmixed preparations is thought to result from contamination with the other kind of nucleoprotein particle; M and B particles are presumably both required for infection. 
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Differentiation of isolates
Isolate C infected many solanaceous species but not species in the Caryophyllaceae, Cucurbitaceae, Gramineae, Leguminosae or Umbelliferae. In general, it closely resembled the type strain (Fribourg et al. I977) in host range and symptomatology. However, unlike the type strain, isolates C and H both caused symptomless systemic infection in Gomphrena globosa (Amaranthaceae), and induced systemic symptoms in Physalis peruviana (Table 2) . Isolates C and H could be distinguished by their effects on Tetragonia expansa (Aizoaceae), Datura stramonium and Nicotiana tabaeum cv. Samsun.
When isolate C and the type strain were compared in gel-diffusion serological tests using antisera to either virus, a single precipitation line that fused without forming a spur was produced; these two isolates were serologically indistinguishable. However, both produced spurs when compared with isolate H using either antiserum (Fig. 6 ).
DISCUSSION
The results reported in this paper, together with those of Fribourg et al. (I977) , show that APMV has many properties typical of comoviruses (Harrison et al. I97I ; Wu & Bruening, I97I) . It has a narrow host range, induces mosaic and mottling symptoms, produces 28 nm diam. isometric particles of three types, each with an angular outline, and the particles contain two polypeptide species of mol. wt. about 22ooo and 42ooo. However, we did not notice any tendency of the smaller polypeptide to separate into two components during SDS-acrylamide gel electrophoresis, which happens with some other comoviruses when their particles are converted to a form with increased electrophoretic mobility (Geelen et al. I972) . The single-stranded RNA gcnome is in two parts similar in size to those of cowpea mosaic virus (Reijnders et al. I974) , packaged in separate particles and apparently both needed for infection; and the particles are distantly serologically related to those of some other comoviruses. No vector of APMV is known, and in preliminary experiments we failed to transmit the virus from Nicotiana elevelandii to N. clevelandii using the aphid Myzus persicae allowed short or long acquisition and inoculation access periods. We conclude that APMV is a typical member of the comovirus group. Its narrow host range, failure to induce ringspot symptoms or to be transmitted by M. persicae, and the presence of two polypeptide species in its particles, together separate it from nepoviruses (Harrison et al. I97I) and broad bean wilt virus (Taylor & Stubbs, 1972) .
Assuming that APMV particles resemble those of cowpea mosaic virus in containing 6o molecules of each polypeptidc species (Wu & Bruening, I97I; Crowther et al. I974) we calculate that particles of APMV contain c. 3"8 × 106 daltons of protein, and that M and B particles contain c. 27% and 34% RNA, respectively. The cryptogram of APMV therefore is R[I : I'4/(27) + 2"0/(34): S/S: S/*, comovirus group.
APMV is probably important as a pathogen of potato in South America (Fribourg et al. I977) . It also seems to be potentially useful for laboratory studies in which a comovirus infecting tobacco or other solanaceous species is desirable, and for determining the distribution of determinants for biological properties between the parts of a comovirus genome.
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